Nitric oxide induces heme oxygenase-1 via mitogen-activated protein kinases ERK and p38.
Heme oxygenase-1 (HO), the heat shock/stress cognate of the heat shock protein 32 (HSP32) family of proteins, is postulated to be a component of cellular defense mechanisms against oxidative stress-mediated injury. Nitric oxide (NO) is among the extensive array of stimuli that induce HO-1. The cellular signaling mechanisms that regulate the induction of HO-1 by NO are not understood. In the present study, we have demonstrated that exposure of HeLa cells to the NO donor, sodium nitroprusside (SNP), results in concentration and time-dependent increase in HO-1 mRNA and activation of MAPKs: ERK (ERK1 and ERK2) and p38 pathways, but not SAPK/JNK pathway. Pre-treatment of the cells with PD98059, a selective ERK pathway inhibitor, and SB203580, a p38 MAPK inhibitor, blocked the induction of HO-1 by the NO donor in a dose-dependent manner. In addition, an increase in HO-1 mRNA level that was detected as early as 2 hrs.following SNP treatment preceded c-jun and c-fos induction. These transcription factors are downstream of SAPK/JNK pathway, and their increased expression was detected at 3hr. and 6hr. after SNP treatment. Similarly, AP-1 DNA binding activity was not increased when measured 6 hrs. after SNP treatment. ERK and p38 inhibitors also suppressed induction of HO-1 by SNAP and GSNO. The increase in HO-1 mRNA was inhibited by actinomycin D and cycloheximide, but not by NAC, and was not mimicked by the lipophilic cGMP analogue, 8-bromo-cGMP, suggesting that NO-mediated induction required de novo RNA and protein synthesis and was unrelated to cGMP and redox signaling. Collectively, the findings suggest that MAP kinase ERK and p38 pathways are involved in the NO-mediated induction of HO-1 and that SAPK/JNK pathway and increased DNA binding of AP-1 transcription factor are not involved in HO-1 gene activation by NO. A plausible mechanism by which the NO donors cause HO-1 induction may involve HO-1 gene regulation by its substrate, heme.